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By

F. E. Senftle and T. A» Far ley
U. S* Geological Survey, Washington 25, B» C,

and N.-Lazar 
Oak Ridge national Laboratory, Oak Ridge, Tennessee

ABSTRACT

The half-life of Th232 has been calculated by determining an absolute 

gamma disintegration rate for T12OS in equilibrium with Th2Sg for three old 

thorium nitrate salts and one natural thorite sample, The branching ratio 

*     w? for Bi2l2 ? a necessary parameter in the calculation, was also measured

The half-life of Th232 -was found to be 1*42 x 101Q years which is essentially
a 

in agreement with the presently accepted value. The branching ratio, ^ _,_ o,

of Bi2is was found to be 0«j62 + 0.006, about 7.4 percent higher than the 

current value,

IITRODUCTIOH

It is well known that the geologic ages of rocks and minerala calculated 

from the ^203^^232 ratio are generally lower by a considerable amount than 

the ages of the same specimens calculated from the j^2®6/!;236 or $bSQ'7/-$s3® 

ratios, Although some of the discrepancies are probably due to inadequate 

techniques used to measure the ratios, recent age determinations of all three 

of the above ratios by several workers show that the pb^O6/^8 ajld -^20 

ages agree very well, whereas the Fbaos/!Ri23a' ages are generally low.

For these reasons we have undertaken a redetermination of the half- 

life of thoriumj whose currently accepted value of 1.39 x 10iO years was



measured by Kovarik and Adams I/ in 1938, An absolute gamma-ray disinte
_ OQ£>

gration rate was determined for Tl*^0 in secular equilibrium with Th * 

Correction for the branching ratio gave the disintegration rate of thorium 

from which the half-life could be calculated. We have obtained a final

result for the half-life of thorium, TI/S = 1.^-2 x 10XO years and a branching 

C£
ra'fcio » d V 'B for Bi212 of 0*362 + 0.006. The half^llfe is essentially the 

same as that obtained by Kovarik and Adams, but the branching ratio is about 

7<A percent higher.

MATERIAIS

Four different samples were used to make the determinations. Unlike 

the method of Kovarik and Adams, the methods used here do not require such a 

complete knowledge of the history of the sample. The only requirement is that 

the sample be in radioactive equilibrium with its disintegration products. 

The thorium series will be in equilibrium to better than 99 percent in 35 

years. It was therefore necessary to procure thorium salts which were at 

least 35 years old for this method. The following samples were used in these 

experiments 

Ho. 2a Thorium nitrate (Eimer and Amend Ine,) purchased by the U. S. 

Geological Survey before 1905 and probably prepared in the early 1900 f s.

No» 3ab Thorite from Wet Mountain area, Custer County, Colorado. This 

material was extremely fresh and showed no signs of alteration. It is thought 

to be of early Tertiary age.

Ho. ka. Thorium nitrate (Messrs. Thorium, Ltd., London), 

This salt was reported by C. F, Davidson 2/ of the Geological Survey and Miseum

IT A. Kovarik and H. Adams, Phys. Rev. 3^, 4l3 (1938). 
2 Personal communication*



of Great Britain to have been prepared in Germany about 1906 or earlier.

Ho. 5& Thorium nitrate (Welsbaeh). This salt was purchased by the national 

Bureau of Standards in 1922, but it was probably prepared several years before 

this date.

For the purpose of this work, these four samples were considered to be 

in equilibrium^ however, the results of the half-life determinations on the 

thorite sample, no. 3&b, did not compare with the other three samples. Subse­ 

quent radiachemical analysis of Ra224 in equilibrium with the ThS32 indicated 

that 9.5 percent of the radium had been lost. The final half-life calculations 

have been corrected for this loss» Spectrographie analyses of the four samples 

are shown in Table 1.

The average thorium content of the nitrate samples was determined by 

weighing the samples after ignition to thorium oxide or by precipitation of 

thorium hydroxide from solutions of the salts followed by ignition to the 

oxide and weighing. The average analyses, in percent, for thorium of samples 

2a, 4a and 5a are 41.78 -f 0.1 percent, 4l.42 + 0.2 percent, and 4l.8l HH 0.1 

percent, respectively. The thorite sample was analyzed after precipitation of 

thorium as the peroxynitrate 3/ followed by ignition to the oxide. The 

thorium content of sample Jab was 40.8 + 0.2 percent.

BRANCHING RATIO

As the method of measuring the half-life depends in a critical way on 

the fraction of transitions from Bl212 which decay through T12OS , it was 

necessary to determine this fraction. A piece of platinum sheet was suspended 

over about 600 grams of shelf thorium nitrate for about 12 hours. The active

57 F. S. Grimaldi and C. H. Warshaw, U. S. Geological Survey Bull, 1006, 
165 (195^).



Table 1« Spectrographic analyses of the thorium samples.

Percent

Over 10

5-10

1-5

0.5-1.0

0,1=0.5

0.05-0.1

0.01-0.05

2a 3ab tat I/ 
Th(l03 )4 Thorite Th(HQ3 )4

Th Th, Si Th

 

Fe, Ca, Ba

-«

Cu, I, Ce, Nd

Al

La, Si, V Sr, Sm, Dy, Pb, Mg, Fe, Si

*&fc

Th

...

«-

 

 

*,.

Ca
Ma, La, Zr, Gd

0*005=0.01 Fe, B   La Si 

G.001-Q.Q05   V, Er, Tb, Be   Fe

0.0005-0.001 Mg Mg Mg

0.0001-0.0005

I/ Radium analysis by the radon method for sample l*a is 1.65 + 0.05 x 
10~" lor~gram/gram of thorium nitrate. Analyst, J 9 Ro Dooley, U. S. Geological 
Survey.

deposit of Bi212 on the platinum was used as the source. This -was placed in 

a £bc alpha proportional counter large enough that the entire path length of 

the highest energy particles ms contained -within the counting volume. The 

source ms collimated -with a 1/32 inch brass plate drilled with a large number 

of holes 0.06 inch in diameter. The chamber had a 3=siil wire center electrode 

operated at 1500 volts -with 10 percent methane-argon counting gas, and the
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output after amplification was fed into a multichannel pulse analyzer suit­ 

ably modified to respond to "long" pulses. The two alpha peaks of Bi212 and
/ y

Po212 corrected for background are shown in figure 1 0 The ratio '   « in the 

decay of Bi212 was determined as 0.362 + 0»006. This is about 7.4 percent 

larger than the value of 0.337 obtained by Kovarik and Adams.I/

EXPERIMENTAL METHOD

The intensity of the 2*62 Bfev gamma ray (100 percent) from T12OS -was 

measured using a cylindrical crystal of Hal (Tl) diameter 3 inches, height 

3 inches. The sources were placed on the axis of the cylinder about 9»5 cm 

above the top face of the crystal. A polystyrene absorber, 1300 mg/cm2 thick, 

was placed between source and crystal to insure absorption of all beta rays 

emitted in the thorium series.

The sources consisted of plastic cylindrical capsules, about 1 cm in 

diameter, filled with thorium salts, sealed, and stored several weeks to 

insure equilibrium in the thorium series. The maximum height of any of these 

sources, 1.3 cm, could be approximated by a point source, and the geometry 

was accurately defined by assuming the source was concentrated at the center.

The expression used for calculating the intensity of the 2*62 Mev gamma 

rays a I (2.62), from the measured peak areas, P (2*62) 9 was 

-. .
^

e_(E )and ep (E ) are the total and peak efficiencies of the crystal, respec­ 

tively, for gamma-ray energy E~. A complete description of the methods used 

for the determination of e^ and  p as a function of energy is in preparation. 

In brief, the total efficiency for a given solid angle,-rt-, subtended by the
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Figure 1. Alpha spectrum of Bi212-Po212 deposit,
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crystal at the source is given by

6.' -n. =
'

A numerical integration has been carried out "with the assistance of the 

mathematics panel at Oak Ridge national Laboratory, and £rg was determined for 

 various energies and heights of the source above the crystal.

  (E.,), the probability that a gamma, ray will be detected and give a 

full-sized pulse if it strikes the crystal, was obtained in the following 

manner: the pulse height spectrum from a number of radioactive sources which 

emit only one gamma ray was obtained with a cylindrical Hal crystal, and the 

areas under the full energy peak and total spectrum were evaluated. The ratio, 

R, of peak area to total area, when multiplied by e^ is Just e . Care was 

taken, in the measurement of R, that extraneous effects which might distort 

the response of the crystal to the pure gamma rays, e.g., scattered radiation 

from the surroundings, bremsstrahlung, etc., were reduced to an absolute mini­ 

mum. !Ehe curve of R vs energy was extended to higher energies by using sources 

which emit only two gamma rays. The contribution of the lower-energy radiation 

was subtracted from the total spectrum by measuring its peak area and making 

use of the value of R at its energy. A check on these values has been obtained 

by beta-gamma coincidence measurements and by determinations of R for single 

gamma rays obtainable from inelastic proton scattering in Si28 and B11 . The 

peak efficiency^or 2 0 62-Mev gamma rays with the source placed 9»3 cm from the 

face of the crystal is 0,096.

The' expression in the brackets in the denominator of equation (1) takes 

into account the coincident summing which occurs between cascade gamma rays. 

The factor, f^, is defined as the ratio of the intensity of the gamma rays with 

energy E to the 2 0 62 Mev gamma-ray intensity. !Ehe values of f~ used were
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those given by Elliot and others mk/ Although other gamma rays cascade with 

the 2,62 Mev gamma ray, their intensities are too small to contribute appre­ 

ciably to the intensity of the 2 062 Jfev transition*

The factor, T, is inserted to take into account the interaction of the 

gamma rays with the polystyrene absorbers and any self-absorption in the source* 

For sources at distances large compared to the dimensions of the crystal,. a 

gamma ray passing through this material is approximately directed parallel to 

the axis and a simple exponential absorption was assumed, i.e.,

7 = e r'x + **?

where x is the thickness of the absorber in cm, and T" and T are the absorption

coefficients in cm"1 of the absorber and sample, respectiTely. For the source

£absorption, it can be shown that for/Jr« 1 one may assume x* = TJ where JL is

the thickness of the source. Both of these corrections amounted to 5 percent 

of the intensity for the thickest sources 0

Four samples were measured at heights -9»5 cm from the crystal and at a 

similar height above a crystal whose upper edge had been bevelled at ^5° to 

the axis so that the upper diameter was 2 inches. The values for A obtained 

with the bevelled crystal, table 2, agree among themselves and within 4 percent 

of the results with the unbevelled crystal; however, they are systematically 

high. It is felt that the efficiency of the unbevelled crystal is known with 

the higher accuracy and these values are quoted in our results.

Attempts were also made to obtain the intensity when the source was placed 

only 3»0 cm from the top face of the crystals. The peak areas in these measure­ 

ments could not be obtained very accurately due to the inability to account

4/ L. G« Elliott and others ? R. L. Graham, J. Walker, and J. L. Wolf son, 
Phys. Rev. 93, 356 (195*0.



12

properly for the summing contribution under the peak itself* However, the
  

results as given in table 2 are not in disagreement with the rough values

obtained with the source at these closer distances.

From the intensities obtained in this way, the activity of the parent

232 212
Th may be determined if the branching ratio of Bi is known* Using the 

new value for the branching ratio and the best values for 1(2#62) we obtain 

X = 1.55 x 10"1S sec"1 , or Ti/g ~ 1.42 x 1010 years with an expected uncertainty 

of about 5 percent.

Table 2* Thorium decay constants as measured by bevelled and unbevelled 
crystals.

Sample 
no*

2a

5ab

l*a

5a

*Not

Thorium content 
of capsule 

(g)

1*0985

1.1*083

1.0615

Q.l|J*5o

determined

Bevelled
I-y A.

1693

*

1613

679.1

Average

crystal 
(xHT18 sec)

1.61*0

#

1.6l7

1,624

l.62T

Unbevelled 
I7 X

1610

2155

15^5

61*6.0

crystal 
(xlO~ 18 sec)

1.559

1-5^7

1.5^

1.5^6

1.550
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